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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracks from occurring in a lead, by a method 
wherein a led is possessed of a lower plating film of tin or tin-bismuth alloy, an upper 
plating film of tin-bismuth alloy which is higher in bismuth content than the lower 
plating film, and both films are formed on the surface of the lead base material of the 
lead. 

SOLUTION: A lower plating film 7 is formed of tin whose bismuth content is 0 to 1 

wt.% or tin-bismuth alloy, whereby cracks are prevented from occurring in a lead when 6* B . 

the lead is bent in a lead forming process, and the lead is prevented from deteriorating in ft^ x >^> K ^ 

wettability. An upper plating film 8 is formed of tin-bismuth alloy which is 1 to 10 wt.% f 

in bismuth content, whereby an electrical short circuit can be prevented from occurring fe^^"^^^<^^^^^ 

between leads which are narrow in space between them and easy to produce whiskers, 

cracks are prevented from occurring in the leads when the leads are bent in a lead 

forming process, and the leads are prevented from deteriorating in wettability. 

Moreover, A lead can be plated with lead-free solder which is excellent in corrosion 

resistance and harmless. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having and forming the lower layer plating layer which becomes the front 
face of a lead base material from a tin or tin-bismuth alloy about the aforementioned lead, and the upper plating layer which 
consists 0 fatin********** alloy which has a bismuth content bigger than the bismuth content in this lower layer plating layer in 
the semiconductor device which has the lead by which bending molding was carried out. 

[Claim 2] The semiconductor device characterized by having and forming the upper plating layer with which a bismuth content 
serves as the lower layer plating layer with which a bismuth content becomes the front face of a lead base material from a 0 - 
lwt% tin or tin-bismuth alloy from a 1 - 10wt% tin********** alloy in the aforementioned lead in the semiconductor device 
which has the lead by which bending molding was carried out. 

[Claim 3] The semiconductor device according to claim 1 or 2 with which thickness of the aforementioned lower layer plating 
layer is characterized by the thickness of the aforementioned upper plating layer being 1-12 micrometers by 1-14 micrometers. 
[Claim 4] The semiconductor device according to claim 1 or 2 with which thickness of the aforementioned lower layer plating 
layer is characterized by the thickness of the aforementioned upper plating layer being 1-9 micrometers by 1-9 micrometers. 
[Claim 5] The semiconductor device according to claim 1, 2, 3, or 4 characterized by preventing occurrence of a crack and a 
whisker in the aforementioned two-layer plating layer. 

[Claim 6] A semiconductor device the claims 1 or 2 characterized by giving copper plating of a 1-10-micrometer thickness in the 
front face of the aforementioned lead base material, 3 or 4, or given in five. 

[Claim 7] The package structure of the semiconductor device characterized by having carried out the soldered joint of two or 
more aforementioned leads to the electrode on a substrate, and mounting the semiconductor device equipped with two or more 
leads which have the lower layer plating layer which consists of a tin or tin-bismuth alloy, and the upper plating layer which 
consists of atin* ********* alloy which has a bismuth content bigger than the bismuth content in this lower layer plating layer, 
and by which bending molding was carried out in the front face of a lead base material. 

[Claim 8] The package structure of the semiconductor device characterized by having carried out the soldered joint of two or 
more aforementioned leads to the electrode on a substrate, and mounting the semiconductor device equipped with two or more 
leads which have the lower layer plating layer with which a bismuth content consists of a 0 - 1 wt% tin or tin-bismuth alloy, and 
the upper plating layer with which a bismuth content consists of a 1 - 10wt% tin********** alloy, and by which bending 
molding was carried out in the front face of a lead base material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device which forms in the front face of 
a lead base material the two-layer plating layer which does not contain lead, and has the lead by which bending molding was 
carried out. 
[0002] 

[Description of the Prior Art] In the so-called packaging process, after semiconductor devices, such as IC and LSI, fix on a 
leadframe, wirebonding etc. connects with a leadframe electrically and the mould of them is further carried out with a mould resin, 
and — the lead exposed to the outside of a mould resin in order to connect using an external circuit, solder, etc., such as a 
substrate, ~ mainly - lead — 10 - 40wt% -- the included tin-lead alloy and the so-called lead solder plating are performed, and 
after that, a lead is cut from a frame, and is bent and fabricated by the predetermined configuration Thus, as for the plating to a 
lead, properties, such as a solder wettability, thermal resistance, whisker-proof nature, adhesion, bending nature, and corrosion 
resistance, are demanded. However, lead solder plating satisfies all of these demand properties, and is widely used for the present 
product. 
[0003] 

[Problem(s) to be Solved by the Invention] The environmental pollution by lead poses the big problem in the environmental 
problem in recent years. If the acid ambient atmosphere, such as acid rain, **s when it is used widely, these are formed into 
shredder dust as eccrisis and it is discarded by the outdoors as a cementing material of electrical parts, such as home electronics 
and autoparts, about lead solder, the lead in solder being eluted and polluting an underground water will have posed the problem. 
Then, a development of the so-called lead free solder which does not contain lead is furthered, and lead free solder, such as an 
Sn-Ag-Bi system and an Sn-Zn-Bi system, is developed, furthermore, a development of the lead free solder plating corresponding 
to lead free solder is also furthered, as a plating layer material, it is alike and palladium, the tin-zinc alloy (JP,4-212443,A), the 
tin-silver alloy, the tin ********** alloy, etc. are mentioned However, as for these alloy-plating layers, all have a big technical 
probrem. Palladium is inapplicable to 42 alloys which are the mainstream of lead material in respect of corrosion resistance. A 
tin-zinc alloy is [ that it is easy to oxidize ] inferior in a wettability, and a whisker also tends to generate it. A front face discolors a 
tin-silver alloy blue by heating, and a wettability falls. A tin ********** alloy is hard, and since it is brittle, when a lead is bent in 
the forming cycle of the above-mentioned semiconductor device, a crack produces it on a plating layer. Therefore, if it lets a 
heating process pass after bending a lead, a lead front face will oxidize and a wettability will fall. Moreover, corrosion resistance 
also falls. Thus, since any tin alloy has a big technical probrem, it cannot use as an alternative plating layer of the conventional 
tin-lead alloy. 

[0004] moreover, a Toshiba technical public presentation collection — performing Sn plating or Sn alloy plating to a lead base 
material fraction as a substratum plating fraction, and performing 2 yuan or more alloy platings (for example, SnAg, SnZn, SnBi, 
etc.) to a surface plating fraction with Sn base is indicated by VOL. 15-62, the issue number 97-0647, the 61st page, and the 62nd 
page (issue-date: 1 997-9-29) However, it is not taken into consideration about losing occurrence of a crack or a whisker. 
[0005] It is in offering the semiconductor device which could be made to carry out a soldered-joint package by high-reliability, 
and its package structure, without the purpose of this invention preventing occurrence of a crack, not having a fall of a wettability 
using lead free solder plating, that the technical probrem of the above-mentioned conventional technique should be solved, 
realizing the semiconductor device with the high reliability which has the lead which was moreover excellent in whisker-proof 
nature, corrosion resistance, etc., and which was bent and fabricated, and reducing a wettability to a substrate. 
[0006] 

[Means for Solving the Problem] It is characterized by this invention having and forming the lower layer plating layer which 
becomes the front face of a lead base material from a tin or tin-bismuth alloy about the aforementioned lead, and the upper plating 
layer which consists ofatin********** alloy which has a bismuth content bigger than the bismuth content in this lower layer 
plating layer in the semiconductor device which has the lead by which bending molding was carried out, in order to attain the 
above-mentioned purpose. Moreover, it is characterized by this invention having and forming the upper plating layer with which a 
bismuth content serves as the lower layer plating layer with which a bismuth content becomes the front face of a lead base 
material from a 0 - lwt% tin or tin-bismuth alloy from a 1 - 10wt% tin********** alloy in the aforementioned lead in the 
semiconductor device which has the lead by which bending molding was carried out. 
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[0007] Moreover, in the aforementioned semiconductor device, the thickness of the aforementioned lower layer plating layer is 
1-14 micrometers, and this invention is characterized by the thickness of the aforementioned upper plating layer being 1-12 
micrometers, when thickness of a two-layer plating layer is set to 10**5 micrometers. Moreover, in the aforementioned 
semiconductor device, the thickness of the aforementioned lower layer plating layer is 1 -9 micrometers, and this invention is 
characterized by the thickness of the aforementioned upper plating layer being 1 -9 micrometers, when thickness of a two-layer 
plating layer is set to about 10 micrometers. Moreover, in the aforementioned semiconductor device, the thickness of the 
aforementioned lower layer plating layer is 1-4 micrometers, and this invention is characterized by the thickness of the 
aforementioned upper plating layer being 1 -4 micrometers, when thickness of a two-layer plating layer is set to about 5 
micrometers. Moreover, in the aforementioned semiconductor device, the thickness of the aforementioned lower layer plating 
layer is 4-14 micrometers, and this invention is characterized by the thickness of the aforementioned upper plating layer being 
1-11 micrometers, when thickness of a two-layer plating layer is set to about 1 5 micrometers. Moreover, this invention is 
characterized by preventing occurrence of a crack and a whisker in the aforementioned two-layer plating layer in the 
aforementioned semiconductor device. 

[0008] While occurrence of a crack is prevented by making a bismuth content into less than [ lwt% ] in a lower layer plating 
layer especially and occurrence of a whisker is prevented by carrying out a bismuth content more than lwt% in the upper plating 
layer, it is in preventing occurrence of a crack by making it less than [ 10wt% ]. 

[0009] Moreover, this invention is characterized by giving copper plating of a 1 -10-micrometer thickness in the front face of the 
aforementioned lead base material in the aforementioned semiconductor device. Moreover, this invention is the package structure 
of the semiconductor device characterized by having carried out the soldered joint of two or more aforementioned leads to the 
electrode on a substrate, and mounting the semiconductor device equipped with two or more leads which have the lower layer 
plating layer which consists of a tin or tin-bismuth alloy, and the upper plating layer which consists ofatin********** alloy 
which has a bismuth content bigger than the bismuth content in this lower layer plating layer, and by which bending molding was 
carried out in the front face of a lead base material. 

[0010] Moreover, this invention is the package structure of the semiconductor device characterized by having carried out the 
soldered joint of two or more aforementioned leads to the electrode on a substrate, and mounting the semiconductor device 
equipped with two or more leads which have the lower layer plating layer with which a bismuth content consists of a 0 - 1 wt% tin 
or tin-bismuth alloy, and the upper plating layer with which a bismuth content consists of a 1 - 10wt% tin********** alloy, and 
by which bending molding was carried out in the front face of a lead base material. Moreover, this invention is characterized by 
obtaining the smooth tin-******** plating front face which impresses a pulse-like current wave form and has neither a wen-like 
precipitation nor a mustache-like precipitation. 

[001 1] As explained above, according to the aforementioned configuration, there was no fall of the wettability accompanied by 
occurrence of the crack by bending at the time of lead forming, and there was also no occurrence of a whisker, and it was enabled 
to manufacture the semiconductor device excellent in corrosion resistance etc., and its package structure. Moreover, according to 
the aforementioned configuration, the smooth plating front face which has neither a wen-like precipitation nor a mustache-like 
precipitation by application of pulse-like current wave type in the two-layer plating of a tin-bismuth with which a bismuth content 
is different can be obtained, moreover the plating in high current density called 5-30A/dm2 is attained, and large compaction of 
plating time can be realized. 
[0012] 

[Embodiments of the Invention] The gestalt of operation of the semiconductor device concerning this invention and its package 
structure is explained using drawing. It is the outline block diagram showing the whole gestalt of operation of the semiconductor 
device concerning this invention in drawing 1 . After fixing the semiconductor devices 1, such as IC and LSI, on the leadframe 
(lead base material) 2 by which copper plating with a thickness of 1 -10 micrometers was given to 42 alloys a semiconductor 
device and whose coefficient of thermal expansion are the set iron-nickel alloys, or the front face of those, a semiconductor device 
connects the electrode of a semiconductor device 1 with a leadframe electrically by wirebonding 3 etc., and the resin seal of it is 
carried out with the mould resin 4, and it is manufactured. And the leadframe (lead base material) 6 exposed to the outside of the 
mould resin 4 is received. A degreasing, after carrying out pickling processing, as a pulse-like current wave form is impressed 
and it is shown in the drawing 2 and the drawing 3 using the plating liquid which consists of an organic acid, organic-acid tin, an 
organic- acid bismuth, and an additive The lower layer plating layers (thickness is 1-14 micrometers) 7 and 9 with which a 
bismuth content becomes a front face from a 0 - lwt% tin or tin-bismuth alloy, and the upper plating layers (thickness is 1-12 
micrometers) 8 and 10 with which a bismuth content consists of a 1 - 10wt% tin********** alloy are galvanized. Then, leads 5 a 
and 5b are cut from a frame, and are bent, fabricated and formed in a predetermined configuration. The semiconductor device 
concerning this invention will be completed by the above. Thus, using an electrode, lead free solder, etc. which were prepared in 
external circuits, such as a substrate, the soldered joint (soldered joint) of the lead 5 of the completed semiconductor device will 
be carried out, and it will be mounted. 

[0013] The case where it is the two-layer structure of the lower layer tinning layer (thickness is 1 -9 micrometers when two-layer 
thickness is set to about 10 micrometers) 7, and the upper tin-bismuth-alloy plating layer (thickness is 1-9 micrometers when 
two-layer thickness is set to about 10 micrometers) 8 is shown in drawing 2 on the front face of the lead base material 6. The 
lower layer tin-bismuth-alloy plating layer 9 with the low (less than [ lwt% ]) bismuth content which a crack seldom generates in 
the front face of the lead base material 6 in drawing 3 (when two-layer thickness is set to about 10 micrometers, thickness is 2-9 
micrometers), The case where it is the two-layer structure with the upper tin-bismuth-alloy plating layer (thickness is 1 -8 
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micrometers when two-layer thickness is set to about 10 micrometers) 10 which bismuth content is higher than it (more than 
lwt%), and a whisker does not generate is shown. 

[0014] As lower layer plating layers 7 and 9, when a bismuth content consists of a 0 - 1 wt% tin or tin-bismuth alloy bending at 
the time of lead forming (a bend radius is about 0.25mm actually 0. 1 5mm. the bend radius of specification is the same as that of 
the thickness of a lead base material --) When occurrence of the crack to depend is prevented, a fall of a wettability can be lost 
and a bismuth content consists of a 1 - 10wt% tin********** alloy as upper plating layers 8 and 10 Since it is easy to carry out 
whisker occurrence, the electric shunt by whisker occurrence is prevented also with a narrow lead of a spacing. And occurrence 
of the crack by bending at the time of lead fonning can be prevented, a fall of a wettability can be lost, and lead free solder plating 
without the damage which has the further excellent corrosion resistance can be performed. That is, if the upper tin********** 
plating layers 8 and 10 containing the bismuth more than a constant rate (1 wt%) are formed on the tin of a lower layer, or the 
tin-bismuth-alloy plating layers 7 and 9, since a bismuth has the operation which prevents occurrence of a whisker like lead, 
occurrence of the whisker by the plating layers 7 and 9 of a lower layer can be prevented. Moreover, even if a crack occurs on the 
upper tin********** plating layers 8 and 10 at the time of bending of a lead, it stops only by the upper tin********** plating 
layers 8 and 1 0, and the plating layers 7 and 9 of a lower layer are not reached. Therefore, after bending a lead, even if it lets a 
heating process pass, a lead front face oxidizes and a wettability does not fall. Moreover, since a crack does not arrive at the front 
face of the lead base material 6, corrosion resistance does not fall. 

[0015] Although it will be hard coming to generate a whisker if it becomes easy to generate a opposite side whisker and 1% is 
exceeded, although a crack seldom generates a tin ********** plating layer when bismuth content is 1% or less, it becomes easy 
to generate a crack abruptly. Therefore, what is necessary is to form tin of 1% or less of bismuth content, or the tin********** 
plating layers 7 and 9 in a lower layer, and just to form the tin ********** plating layers 8 and 10 of 1% or more of bismuth 
content in the upper layer. The base material of a leadframe does not restrict the thing which gave copper plating, or especially a 
copper alloy to 42 alloys which are iron-nickel alloys, or 42 alloys, either. Moreover, although a direct current or a pulse is 
sufficient as the current wave form for plating, it is effective to impress pulse-like current wave type to tin ********** plating, 
and the smooth plating front face without a wen-like precipitation, a mustache-like precipitation, etc. is obtained, and the plating 
in big current density called 5-30A/dm2 of it is attained, and it can aim at compaction of plating time. . The square wave of pulse 
shape is good, although the resistance welding time and the quiescent time are good at the value arbitrarily chosen out of for 
0.001 seconds - ] 10 seconds, especially the resistance welding time and the quiescent time are 0.01 seconds - 1 second, and it is 
desirable that the ratios of the resistance welding time and the quiescent time are 0.2-0.8. 

[0016] Next, the example of an experiment about the lead free solder two-layer plating membrane structure concerning this 

invention is explained. 

[0017] 

[Example 1] The tinning was performed using the plating liquid which consists of a lOOg [/l. ] sulfuric acid, the sulfiiric-acid first 
60g [/I. ] tin, and a 30ml [/L ] additive the test sample which put in a row the-ten lead with the width of face of 3mm which makes 
42 alloys a base material, a length [ of 1 5mm ], and a thickness of 0. 1 5mm after carrying out pickling processing, a degreasing 
and. It is a room temperature and current density 2A/dm2. Then, tin-bismuth plating was performed using the plating liquid which 
consists of an organic acid, organic-acid tin (tin concentration of 55g/l.), an organic-acid bismuth (bismuth concentration of 
4.7g/L), and a 30ml [fi. ] additive. It is 40 degrees C of solution temperature, and current density 10A/dm2. since about 10 in 
all** 5 micrometers of both are desirable, a plating thickness is set to about 10 micrometers -- as (Table 1) -- it considered as the 
combination which is shown The sample which plating ended was separated to the lead per, and the following evaluations were 
performed. 90 degree bending test was performed using 0. 15mm of bend radiuss, and the 0.25mm bending fixture, and the 
occurrence status of the crack of the bending section was observed under the microscope. Subsequently, the sample was heated at 
1 50 degrees C for 1 68 hours, and the dipping method estimated the wettability. Moreover, the occurrence status of a whisker after 
leaving it by the environment of the temperature of 85 degrees C and 85% of humidity for 336 hours was observed under the 
microscope. The result is as being shown in (Table 1). 
[0018] 
[Table 1] 
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[00 1 9] In addition, 0. 1 5mm of bend radiuss is the same specification value as the thickness of a base material. 0.25mm of bend 
radiuss shows the bend radius of an actual product. At the time of 0. 1 5mm of bend radiuss, a whisker occurs and the fall of the 
wettability by the crack was seen by 1 micrometer or less of tinning thicknesss at 0.5 micrometers of tin-bismuth plating 
thicknesss as shown in (Table 1). Therefore, a tin-bismuth is [ 1-8 micrometers and the tin of the desirable plating thickness in 
this case ] 2-9 micrometers. Although there is occurrence of a crack when a tin-bismuth is 9 micrometers at the time of 0.25mm 
of bend radiuss, a tin-bismuth is [ 1 -9 micrometers and the tin of a desirable plating thickness ] 1 -9 micrometers from a 
wettability being good. 
[0020] 

[Example 2] Tin and tin-bismuth plating was performed and evaluated like the example 1 to the test sample which makes 42 
alloys a material. A plating thickness is about 5 micrometers in the both sum. The result is as being shown in (Table 2). 
[0021] 
[Table 2] 
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[0022] At the time of 0 . 1 5mm of bend radiuss, a whisker occurs and the fall of the wettability by the crack was seen by 1 
micrometer or less of tinning thicknesss at 0.5 micrometers of tin-bismuth plating thicknesss as shown in (Table 2). Therefore, a 
tin-bismuth is [ 1 -3 micrometers and the tin of the desirable plating thickness in this case ] 2-4 micrometers. Although there is 
occurrence of a crack when a tin-bismuth is 4 micrometers at the time of 0.25mm of bend radiuss, a tin-bismuth is [ 1-4 
micrometers and the tin of a desirable plating thickness ] 1 -4 micrometers from a wettability being good. 
[0023] 

[Example 3] Tin and tin-bismuth plating was performed and evaluated like the example 1 to the test sample which makes 42 
alloys a material. A plating thickness is about 15 micrometers in the both sum. The result is as being shown in (Table 3). 
[0024] 
[Table 3] 
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[0025] By 0.5 micrometers of tin-bismuth plating thicknesss, a whisker occurs at the time of 0. 1 5mm of bend radiuss as shown in 
(Table 3). Moreover, since the plating layer became thick, although a crack occurs by 3 micrometers or less of tinning thicknesss, 
it is that a fall of a wettability is seen from 2 micrometers. Therefore, a tin-bismuth is [ 1-12 micrometers and the tin of the 
desirable plating thickness in this case ] 3-14 micrometers. A tin-bismuth is [ 1-12 micrometers and the tin of a desirable plating 
thickness ] 3-14 micrometers from a crack occurring at the time of 0.25mm of bend radiuss, when a tin-bismuth is 2 micrometers, 
and a fall of a wettability being seen. In addition, also in the test sample which attached 1-10-micrometer copper plating to 42 
alloys, and the test sample of a copper alloy, the same result as the above-mentioned examples 1-3 was obtained. 
[0026] 

[Example 4] After carrying out tin-bismuth plating of 0.3% of bismuth content to the test sample which makes 42 alloys a 
material like an example 1, the tin-bismuth plating of 5% of bismuth content was performed and evaluated on it. A plating 
thickness is about 10 micrometers in the both sum. The result is as being shown in (Table 4). 
[0027] 
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[0028] At the time of 6. 1 5mm of bend radiuss, a whisker occurs in the 0. 5 micrometers of the upper tin-bismuth plating 
thicknesss, and the fall of the wettability according [ a tin-bismuth plating layer ] to a crack compared with a tinning layer, in 2 
micrometers or less of the tin-bismuth plating thicknesss of a lower layer since it is brittle was seen as shown in (Table 4). 
Therefore, the upper tin-bismuth is [ 1 -7 micrometers and the tin-bismuth of a lower layer of the desirable plating thickness in this 
case ] 3-9 micrometers. Although there is occurrence of a crack when the tin-bismuth of a lower layer is 8 micrometers at the time 
of 0.25mm of bend radiuss, the upper tin-bismuth is [ 1-8 micrometers and the tin-bismuth of a lower layer of a desirable plating 
thickness ] 2-9 micrometers from a wettability being good. 

[0029] Since the upper layer and a lower layer are tin-bismuth plating, when the plating of current density 10A/dm2 of them is 
attained and they set the ratio of the resistance welding time of a pulse, and the quiescent time to 1 by application of a pulse 
current in this example, plating time required to galvanize 10 micrometers is good at 4 minutes. 
[0030] 

[Example 5] After carrying out tin-bismuth plating of 0.3% of bismuth content to the test sample which makes 42 alloys a 
material like an example 1, the tin-bismuth plating of 5% of bismuth content was performed and evaluated on it. A plating 
thickness is about 5 micrometers in the both sum. The result is as being shown in (Table 5). 
[0031] 
[Table 5] 
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[0032] At the time of 0. 15mm of bend radiuss, a whisker occurs and the fall of the wettability by the crack was seen at the 0.5 
micrometers of the upper tin-bismuth plating thicknesss by 2 micrometers or less of the tin-bismuth plating thicknesss of a lower 
layer as shown in (Table 5). Therefore, the upper tin-bismuth is [ 1-2.5 micrometers and the tin-bismuth of a lower layer of the 
desirable plating thickness in this case ] 2.5-4 micrometers. Although there is occurrence of a crack when the tin-bismuth of a 
lower layer is 2 micrometers at the time of 0.25mm of bend radiuss, the upper tin-bismuth is [ 1-3 micrometers and the 
tin-bismuth of a lower layer of a desirable plating thickness ] 2-4 micrometers from a wettability being good. 
[0033] 

[Example 6] After carrying out tin-bismuth plating of 0.3% of bismuth content to the test sample which makes 42 alloys a 
material like an example 1, the tin-bismuth plating of 5% of bismuth content was performed and evaluated on it. A plating 
thickness is about 15 micrometers in the both sum. The result is as being shown in (Table 6). 
[0034] 
[Table 6] 
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[0035] At the time of 0. 15mm of bend radiuss, a whisker occurs and the fall of the wettability by the crack was seen at the 0.5 
micrometers of the upper tin-bismuth plating thicknesss by 4 micrometers or less of the tin-bismuth plating thicknesss of a lower 
layer as shown in (Table 6). Therefore, the upper tin-bismuth is [ 1-10 micrometers and the tin-bismuth of a lower layer of the 
desirable plating thickness in this case ] 5-14 micrometers. Although there is occurrence of a crack when the tin-bismuth of a 
lower layer is 4 micrometers at the time of 0.25mm of bend radiuss, the upper tin-bismuth is [ 1-1 1 micrometers and the 
tin-bismuth of a lower layer of a desirable plating thickness ] 4-14 micrometers from a wettability being good. 
[0036] 

[Example 7] After making a tinning the test sample which makes 42 alloys a material like an example 1, bismuth content was 
changed on it, and tin-bismuth plating was performed and evaluated. Tin is [ 6 micrometers and the tin-bismuth of a plating 
thickness ] about 4 micrometers. The result is as being shown in (Table 7). 
[0037] 
[Table 7] 
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[0038] At 0.5% of the bismuth content of the upper tin-bismuth plating, the whisker occurred as shown in (Table 7). Moreover, 
the fall of the wettability by occurrence of a big crack was seen more than at bismuth content 1 1 wt% of a tin-bismuth plating layer 
at the time of 0. 15mm of bend radiuss. Therefore, the bismuth content of the desirable tin-bismuth plating layer in this case is 1 - 
10wt%. Bismuth content desirable [ at the time of 0.25mm of bend radiuss ] from a wettability being good to 11% of bismuth 
content is 1 - 1 lwt%. 

[0039] In addition, although the tin whose plating thickness is a lower layer showed the example about 6 micrometers and whose 
upper tin-bismuth are about 4 micrometers by this example, the same result was obtained also in the desirable plating thickness 
domain shown in the above-mentioned examples 1-3. 
[0040] 

[Example 8] After carrying out tin-bismuth plating of 0.3% of bismuth content to the test sample which makes 42 alloys a 
material like an example 1, bismuth content was changed on it, and tin-bismuth plating was performed and evaluated. The 
tin-bismuth of a lower layer [ thickness / plating ] is / 6 micrometers and the upper tin-bismuth / about 4 micrometers. The result 
is as being shown in (Table 8). 
[0041] 
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[0042] At 0.5% of the bismuth content of the upper tin-bismuth plating, the whisker occurred as shown in (Table 8). Moreover, 
the fall of the wettability according [ a tin-bismuth ] compared with tin, to occurrence of the big crack more than at bismuth 
content 10wt% of the upper tin-bismuth plating at the time of 0.15mm of bend radiuss since it is brittle was seen. Therefore, the 
desirable plating layer bismuth content in this case is 1 - 9wt%. Bismuth content desirable [ at the time of 0.25mm of bend radiuss 
] from a wettability being good to 10% of bismuth content is 1 - 10wt%. In addition, in this example, the result with the 
tin-bismuth of a lower layer [ thickness / plating ] same also in the desirable plating thickness domain which they showed in the 
above-mentioned examples 4-6 although 6 micrometers and the upper tin-bismuth showed the example which is 4 micrometers 
was obtained. 
[0043] 

[Example 9] After having changed bismuth content into the test sample which makes 42 alloys a material like the example 1 and 
carrying out tin-bismuth plating of a lower layer, the tin-bismuth plating of 5% of bismuth content was performed and evaluated 
on it. The tin-bismuth of a lower layer [ thickness / plating ] is / 6 micrometers and the upper tin-bismuth / about 4 micrometers. 
The result is as being shown in (Table 9). 
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[0045] Since the fall of the wettability by occurrence of a crack was seen more than at bismuth content lwt% of the tin-bismuth 
plating of a lower layer at the time of 0. 1 5mm of bend radiuss as shown in (Table 9), the desirable plating layer bismuth content 
in this case is 0.0001 - 0.9wt%. Bismuth content desirable [ at the time of 0.25mm of bend radiuss ] from a wettability being good 
to 1% of bismuth content is 0.0001 - lwt%. In addition, in this example, the result with the tin-bismuth of a lower layer 
thickness / plating ] same also in the desirable plating thickness domain which they showed in the above-mentioned examples 

4- 6 although about 6 micrometers and the upper tin-bismuth showed the example which is about 4 micrometers was obtained. 
[0046] Moreover, in the desirable plating thickness domain shown in the examples 1 -9, corrosion resistance was all good. 
Furthermore, although here showed the example of a 42 alloy lead, the result with the same said of the 42 alloy lead and 
copper-alloy lead which carried out copper plating was obtained. 

[0047] 

[Effect of the Invention] According to this invention, the plating to a semiconductor device lead The two-layer structure of a 
tin-bismuth (upper layer) and tin (lower layer), Or by considering as the two-layer structure with the parvus tin-bismuth of 
bismuth content from the tin-bismuth with bismuth content larger than the tin-bismuth of a lower layer, and the upper tin-bismuth 
There was no fall of the wettability accompanied by occurrence of the crack by bending at the time of molding of a lead, and there 
was also no occurrence of a whisker, and it was enabled to realize the semiconductor device excellent in reliabilities, such as 
corrosion resistance, and its package structure. 

[0048] Moreover, according to this invention, the pulse-like current wave form was applied, the smooth plating front face which 
does not have a wen-like precipitation, a mustache-like precipitation, etc. by forming the two-layer plating layer of a tin-bismuth 
with which bismuth content is different to a lead base material was obtained, moreover the plating in high current density called 

5- 30A/dm2 was attained, and large compaction of plating time was attained. 



[Translation done.] 
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0 w t %<ry$~¥~- \zx-?x^t&frt>%& z t lz J: *) . 20 
4 x#3&fc ^#>HJPg<o$Hi i y - H-ct * xfj 

Jf 9 ifttf fcr i & ? 5 >y ?<o§&££R&ifc LTiitfl.tt<Offl;T 

iz. ( lwt%) fiLh«b*^vx^^rr*±JB 

TJI«Dtf>o£|8i7, 9^i^^^X^O|fii2r(l6±^-S 30 

±j§<o-r-r- t'xvxA^iis. io rmx"St *) t 

i«feoll7, 9tcti»L*^. ^W^'J-h'fcifr 

•c. witter-*-* 

[0015] tf-t'x-7XJf)o #flg{ib'x-7X-i!-^ 
^l^filTWfcStt^^v^jWft^Lftlf^ RHP? 4 40 



t^P 1 1 1-330340 

6 

jajt^^*-t*xvx«>oSR8, l. o £ .tHfcyesaw- 

&4 2Tn>f Tt>4 2Tn>f fcfflft-pSSrJ6L3tt»^)-C 

x vx#>-d $ LT WWXWEffimtititlXtth - 
3:tf>o&&gSftW&*U 5~3 0A/dm*fcH 

mAsiZttr^tfi. m<,zmwm&£v : ft±i#fWJ s o . 

0 1 1 iiDVNfinfcflcjLMWaoJt^ 0 . 2~ 
0. 8-C**ifc*«ff4U». 

[0016] *«WBfc:«6»7 U-liX^f 2«ft 

[00 17] 

3 4 2Ta>f *S«i:-r4(B3mm, SSI 
5mm, fSO. 1 5mm«9U— K£l O^&faJtxX 
BSSMSat^tt. «100g/ 

1 . T^ s 6 Og/K %A0H3 0ml/lH 

sfl:&*r>-3sasflBv^T-f-r«>r>s*ffo*:. ssa, mat 

»K2Vdm«TftS. 8^TtrH». WMBK^T 
(i"^jiil5 5g/l) .WIh'X?X ( b'XVXiH 
Jffi4. 7g/l > ti£VWaimi3 0ml/\frt>%:2>th 
o^ffiSrfflViT-rr-b'XVX^^^^oit. ?SiS4 
OX:. IftEffiftl 0A/dm 2 t*4. *6o#HJ?{iM 
1 0 ± 5//mgiS*iM4 L^Cl fc*»fe 10// 
mSai:sS:*J:-3 (^1) KjjctJ:3fti*^iL 
fc. § £MRT L/c-9->-r;P2: 1 ^rTo«0 'J - K^tiJ 
jaTWfHU^fTote. iBlWipffiO. 1 5mm« 
it/0 . 2 5mm0>mtfte&&m\iVC 9 0 • iffitf §£g&£ 

fc. o^-T'-e^^y/PS: 1 5 OXTCl 6 8f^|5IJ!lirl^ 

1 ) fcSH-tfeOT-**. 
[00 18] 

[ifei] 



(5) 
(&i ) 



1 1 ~ 3 3 0 3 A 0 



8 



No. 


A&o $&{f£ m) 


&lfi£&0. 1 5mm 


ttlf^&O. 2 5mm 


Sd-BI 


S n 










£3 ft ft 




1 


0 . 5 


9. 5 


O 


O 


X 


O 


O 


X 


2 


I 


a 


O 


o 


O 


O 


O 


O 


3 


2 


8 


O 


o 


O 


O 


O 


o 


4 


4 


6 


o 


o 


o 


o 


o 


o 


5 


5 


5 


o 


o 


o 


o 


o 


o 


fi 


6 


4 


o 


o 


o 


o 


o 


o 


7 


8 


2 


o 


o 


o 


o 


o 


o 


8 


9 


1 


X 


X 


o 


X 


o 


o 


If 


9. 5 


0. 5 


X 


X 


o 


X 


X 


o 



[0019] mf¥&0 . .1. 5mmti. M^lg 

§ t IsJ tTfcSKttffiTA* . Ifttf^a 0 . 2 5mm 

& JRJ* 1 *c mjJTrcii ? 9 9 (c J: S jMittOttT** * 



20 



9 ^ m . -r-f*>' 1 — 9 v niTfe* . 
[0020] 

immm2 1 njgwii fcR«fc, 4 270^ 

-tote*** («2) tC5H-k*J0*C**. 
[002 1] 
[*2] 



<*2 ) 



*0. 




ffllf¥&0» 1 G mm 




Sn-Bi 


S a 












MI* 


1 


0. 5 


4. 5 


O 


0 


X 


O 


0 


X 


2 


1 


4 


O 


0 


0 


O 


0 


O 


3 


Z 


3 


O 


0 


0 


O 


0 


O 


4 


3 


2 


O 


0 


0 


O 


0 


O 


5 


4 


1 


X 


X 


0 


X 


0 


O 


6 


4 . 5 


0. 5 


X 


X 


0 


X 


X 


O 



[0 0 2 2] (m2) fc^ttJOfttf^O. 15m K/tm-?&£. 
mCT> t £ ti-r#- fc' X-?.X*fr # MJf 0 . 5 m mT(i>*/ 
-f -T^^o & Biff 1 u mETFCti 

m, •f~r*i2~4/xmT'*-S. <> ffi{f¥&0. 2 5mmC0 
-rr-b"X-?X5&i4jum<5Dfc#^7>/^<?)^ 

-5 # su? *±^r- t'^vx^ i ~4 /im, 1 — 4 * 



[0023] 

[HSSM3 1 mmmi tmsttz. 4 2ro>( zmttt^- 

ffv\ IHiLfc. *>r>&»Wip|#£f|-cl 5/imgJK 
Tft*. -e^lSSti (*3) kr^fcfcDT'&S. 
[0024] 
[f!3] 



( 6 ) ftffl 3 P 1 1 -33034 0 

9 10 

(#3) 







ffilf^MgO. 1.5mm 


ffl^SD. 2 5 mm 


Sn-Bi 


S n 






WXt 






WW 


] 


0 . 5 


14, 5 


Q 


o 


x 




O 


x 


2 


I 


1 4 






w 








3 


3 


1 2 






Q 




o 




4 


5 


1 0 


O 


O 


o 


O 


O 


o 


5 


7 


a 


o 


O 


o 


o 


o 


O 


0 


1 0 


5 


o 


O 


o 


o 


o 


O 


7 


1 2 


3 


X 


O 


o 


o 


o 


O 


8 


1 3 


2 


X 


X 


o 


X 


X 


o 


9 


1 4 


1 


X 


X 


o 


X 


X 


o 


10 


1 4. 5 


0 . 5 


X 


X 


o 


X 


X 


o 



[00 25] (S3)|CSti:i5D(Hf4gO. 15m 
mOfc^iii-'f-b'XV.Xab'a^Il^O. 5jixmT'li') 

uva-? ^n/sti-r-r- fxv^ i — 1 

— 1 4 jumT'£>-S> „ 4 2 Tu-f tc 1 — 1 0 u m<F> 

(»4 ) 



[0026] 

mmmA ] sijfe^j 1 tmmiz. a 2tu4 &mwt~t 

stf-t is 

[0027] 
[164] 



No. 




fltf^SO. 1 5 mm 


mf *£&0. 2 5mm 


Sn-BiJJg 


Sn-BiTJB 


95 v9 




im 






WM 


1 


0. 6 


9. 5 


O 


O 


X 


O 


0 


X 


2 


1 


9 


O 


O 


0 


O 


0 


O 


3 


2 


8 


O 


0 


0 


O 


0 


O 


A 


4 


6 


O 


O 


0 


O 


0 


O 


5 


6 


4 


O 


O 


0 


O 


0 


O 


6 


7 


3 


O 


O 


0 


O 


0 


O 


7 


8 


2 


X 


X 


0 


X 


0 


O 


8 


9 


1 


X 


X 


0 


X 


X 


O 



[0 0 28] (314) KSttfiDltffftO. 15m 
m<7)i: #(±±®<7)^-f - b'XV^yjo^^JjO. 5 ;um 

-5 £ Jgyp 2 mJ3LTT'ti 9 5 T^tt 
\S.±M<7rf-?- \ZX~?X& 1 ~7 // m % TB^-T^- b'* 50 



I *#>-d # Mi5{i-tS^^~r- b'X 7^*5 1 — 8 m s t 

[0029] #09-c«_uf. ts t fct-r-r- t'x7^ 



1 1 

.1. OA/d m*X'<nihr> %tf~Sitfct 3:9 . 'Sll-X<DfflM 
[00 30] 

5fx h^T/Mz.b'xvx-irtr^o . 3%cr>-^- b** 



( 7 ) iMN^^p 1 1 1-330340 

1 2 

W#&fl"T5/imgi£T*S. *Oft£Ktt (^5) tC^ 

[ 0 0 3 .1 ] 
[IS 5] 



No. 


#> o %W-{ft m> 


dfatttMSO. 1 5 mm 




Sn-Bi±JB 
















1 


0. 5 


4 . 5 


O 


o 


X 


o 


O 


X 


2 


1 


4 


O 


o 


O 


o 


o 


O 


3 


2 


3 


O 


o 


O 


o 


o 


O 


4 


2. 5 


2 . 5 


O 


o 


o 


o 


o 


o 


5 


3 


2 


X 


X 


o 


X 


o 


o 


6 


4 


1 




X 


o 


X 


X 


o 



[0032] mS) ^TfcttH^mf^mO. 15m 
m^fc&fcUJf^^-h^X^ab-o&lRipO. 5/zm 

T'ti^-fx^a^-ku Tiio-r-r-b'xvx#> 20 

-3 £ Rff 2 a< mOTTIi? 5 v ? te J: & «h.tt*>«Ta t 

Ji<7)-ri 1 -t'XVX^.l~2. 5jLtm. TlSO-^'-b* 
X-?X#2. 5~4/zmT'£>.S>. ft{f¥fig0. 25mm 
<02:&ti. TJf^^-b'XVXj^/zmcOt&^-y 
? <9%4:JiW& b O^JUfittttaJFC* & <r 1 , W 

<»6 ) 



38 m* TJf«^-b*XVX#2~4.MJn'C#>.g>. 
[0033] 

•s -fx mj- s^r/wc t'xvxifw o . 3 %<7>-r-r- b* 

X7XAi # J: L/tf^s ^«±teb'x-ex^r*5%<0 
Thf-b*x-?xtf>^£*TV\ ^o#flgJ-?i{i 
M#&fH-Cl 5mhiI^S. ^-^SSSti (516) (c 

[0034] 



No. 


K) ^ ^^(# m) 


&(f3M£0 . 1 5 mm 


Atf^ftO. 25mm 


Sn-BiJb@ 


Sn-BiTJS 




time 


MM 








L 


0. & 


14. 5 


O 


o 


X 


O 


o 


X 


Z 


1 


1 4 


O 


o 


O 


O 


o 


o 


3 


3 


1 2 


O 


o 


O 


o 


o 


o 


4 


5 


1 0 


O 


o 


O 


o 


o 


o 


5 


7 


8 


O 


o 


O 


o 


o 


o 


6 


1 0 


5 


o 


o 


O 


o 


o 


o 


7 


1 1 


4 


X 


X 


O 


X 


o 


o 


8 


1 2 


3 


X 


X 


O 


X 


X 


o 


9 


1 3 


2 


X 


X 


O 


X 


X 


o 



[0035] (f!6) iZ^-tt&Vmfm&O. 15m 

•m^xtfa^^feU 4fc. Tlotf-t'xvxy) 
r> # mm* n miaTTi±? 7 7^tlS ^LltiOiST** 

b'X VX# 1 ~ 1 0 jit m, T^O-Tf - b'X 
VX#5 — 1 4jLtmtM. ffltf^SO. 2 5mm<0fc 
Ta<?)-rr-b'XVX*<4jum<?Di;#^^-/^WA 



50 



v ^JPfiiWeo-T^ 1 - b'X 1~] l//rru 
Tiffl^O-^- b'X VX A«4-14w mTfc h . 
[0036] 

[HSSW7] H6S091 tmmiz^ 4 27D>f JSfffct 

vx^-^s-^-c-r-r-b'xvxtooits-ffVK fpfaii 



( 8 ) ftffl z f- 1. .1. - 3 3 0 3 4 0 

1 3 1. A 

u mm&x-h h . *<&mit (m7) tn^-r t *> <ox-*> * [ o o 3 1 1 

<*7) 



No. 


Sn-Bi©Bi 


ft -mi: 0 , 1 5mm 


#*f^&0. 2 5mm 




jam* 








Mil 


1 


0. 5 


o 


o 


X 


O 


o 


X 


2 


1 


o 


o 


O 


O 


o 


O 


3 


3 


o 


o 


O 


O 


o 


O 


4 


6 


o 


o 


o 


O 


o 


o 


5 


8 


o 


o 


o 


O 


o 


o 


6 


1 0 


o 


o 


o 


O 


o 


o 


7 


1 1 


X 


X 


o 


o 


o 


o 


8 


1 2 


X 


X 


o 


X 


X 


o 


9 


1 3 


X 


X 


o 


X 


X 


o 



[0 0 38] mi) iz^-tkii*)±M<?>^r-Vx-? 

x. z<nm&<7)n3iL^'i-f-VAvxtb'>%m<Dt'x 

VX-g^ii 1 - 1 0 w t %X'h h . tt W ¥f£ 0.25 
X'$>ZZtfrt>. KftL^t'X^X^mitl — l lw 

[ o o 3 9 ] . **MMT«irt o # hbsotm*)-*- 



[0040 3 

mmms ] jisjfeM i k mrniz. 4 2 rn>r *m&t -t 

Z>T-x]-y-yy'Mzt'x^x&fi&o . 3 b* 

{iTJIO-f -T- h'XVX^' 6/im, UlCO^-f - b'X V 
X*<4^m!gJ!gT*)-l>„ -?-<7)l§a(i <S8) iZ^-ttH 
*)Xhh. 

[004 1] 

[ffe8] 



(SB) 





_fcJg*DSn-Bi© 




ffiUf^gO. 2 5 mm 










MM 






nm 


I 

2 


0. 5 


O 


o 


X 


O 


o 


X 


I 


O 


o 


O 


o 


o 


o 


3 


3 


O 


o 


O 


o 


o 


o 


4 


5 


O 


o 


o 


o 


o 


o 


5 


7 


o 


o 


o 


o 


o 


o 


6 


9 


o 


o 


o 


o 


o 


o 


7 


1 0 


X 


X 


o 


o 


o 


o 


a 


1 2 


X 


X 


o 


X 


X 


o 


9 


1 3 


X 


X 


o 


X 


X 


o 



[0042] (H8) \iZ7rcttt5*)±mv>-tt-VXV *-5^<?)b'A7^t$l 0wt%Oht^^7 7^ 
ftff^SO. 1 5mm<7)i:#iiJi®^i-r-b'X-7Xy>*50 *> & . tflltf 0 . 2 5mm(Oi|{l t'X7Xft$ 



1. 5 

iitb •> $ J&JW/TW.)^- b** vx// 6 m m , \M<r> 
[0043] 

[3SMHH9l3SJfiWli:Hfii£, 4 2To>f£3|g»fc-r* 

(»9 ) 



( 9 ) WHH* 1 1-330340 

1 6 

S»ATJH*>i-f- b'X VX # 6 ju m , JiJKO^- b'X 
is D 

[0044] 
[1^9] 



Mo. 


T£0>Sn-Bi<?> 


& [f 0 . 1 5mm 


ft M 0 . 2 G m m 






mn 






mi 


\ 


0 . 0 0 0 1 


o 


o 


o 


O 


o 


o 


2 


0.001 


o 


o 


o 


O 


o 


o 


3 


0 . O 1 


o 


o 


o 


O 


o 


o 


4 


0.1 


o 


o 


o 


o 


o 


o 


5 


0. 2 


o 


o 


o 


o 


o 


o 


6 


0.5 


o 


o 


o 


o 


o 


o 


7 


0. 9 


o 


o 


o 


o 


o 


o 


8 


1 


X 


X 


o 


o 


o 


o 


9 


2 


X 


X 


o 


X 


X 


o 



[0045] (B9 ) Izm-ttS*) ftif ¥-f£0 .15m 
m£0t £ . TKOtf-t'XVXfto % CDh'^V^M 

&totlt:Z.tfrh. i^^<7)»it^y>o#J3gb*XV 
X-§--#^(i0. 0 00 1—0. 9wt%tfc4. Itttf^ 
SO. 25nim(?)i:ltl h*XVX#^F* 1 

0. 000 1 — lwt%t'JbS. SriK :*^Sg03]T'<;i#> 
[0 04 6] m&mi— 9T*LfcJff4Lvyfe-5 
[0 04 7] 

^^w-fc'^ <±»> t-r-r (t®> tf>2/§ 

vv#-f -b'xvxiii/Io-r-f - h'xv^i 0 b* 



[0048] 4fc. Ttf&Rtz&titt* 'WXWyKMk 
%Z>-r?- t*X7X<0 2**>o £ KfcJMW- £ £ i: £ J: 
30 ##£>*U LA^fe 5- 3 0 A/d fc 1,^11^1 

[iai ] ^mm^h^mw^m.^-mmmim^-t 
wmmx'-hz. 

[H2 ] *%B!tcflt& o~v(D-mmcomm^^tmm 
mx't>&. 

[03] 4c%ffi(cfli& 'J— H<0ft^-Htt»JKBfc*f- 
BrffliB'CA*. 
40 [«r9tf>3M§] 

-r#*6-o#lg. 8-tf-t*X7X^o|I, 9 - 

b'x vx##*co® v ^-T- b*.x vx-&&#> o # l 



(10) 



nffl 3 ?- 1 1-3303 4 0 



[01 ] 



[1212] 



[H3] 






